Transposition of the aorta and pulmonary artery is now more frequently diagnosed in life. It must be distinguished from Fallot's tetralogy because it is not helped by the Blalock-Taussig operation: in(leed, the blood flow to the lungs is increased instead of reduced. This picture of pleonemic lungs can be recognized by radioscopy and indicates a left to right shunt; when combined with central cyanosis, complete or partial transposition is the most common cause. The general picture seen in 25D cases, in 6 of which the diagnosis w-as confirmed by cardiac catheterization and angiocardiography is described. Two cases where the features of transposition were obscured by the presence of pulmonary stenosis are included.
W HEN cyanotic children with congenital heart disease are examined on the x-ray screen, most show a concave pulmonary bay and light lung fields without pulsation; this suggests a diminished blood flow to the lungs. Some, however, show dense shadows around the hilum of the lung and for varying distances out into the lung fields, sometimes with the right and left pulmonary arteries much enlarged and with striking pulsation in these and even in the smaller branches out to the periphery; this means that there is an increased blood flow to the lungs, a condition we have called pulmonary pleonemia in contrast to pulmoniary oligemia when the flow is diminished.6
The shape of the pulmonary arc is most often slightly conicavxe ( fig. 1 ) but may be convex, sometimes greatly so, generally owing to dilatation of the pulmonary artery ( fig. 2 ), though the very varied position of the aorta ( fig. 1, right ) also changes the shape of the base of the heart. rrhe deep central cyanosis indicates a large right to left shuiit, and the pleonemic lungs indicate a large left to right shunt: we think that this combination generally indicates transposition of the aorta and pulmonary artery, though the transposition may often be partial rather than complete. 9 PRESENT VIEWS Abbottl collected 94 reported cases of transposition and found that the foramen ovale was Taussig13 has made this diagnosis more possible in life, and describes the following picture. The heart increases in size with unusual rapidity. The pedicle is narrow in the anteroposterior view. In some cases the shadow of the right atrium may increase and decrease rhythmically with reversal of the shunt. Taussig does not think murmurs and thrills of much value in the diagnosis. Like Abbott, she gives a very bad prognosis, most patients dying within 14 months.
We think this description is mainly applicable to transposition in infancy. In older children we have not seen these rhythmic changes in the atrium. In spite of the gloomy prognosis generally given, many of these patients are in reasonable health in their teens. The prognosis depends on the size of the shunts between the right and left sides of the heart; if these are large enough for adequate mixing of the two circulations, so that the infants survive, there is no reason for rapid deterioration, and these Circulation, Volume I V, September, 1951 FIG. 1. Teleradiogram and x-ray with catheter in situ from 2 cases of complete transposition with a concave pulmonary are. Case 1. (Top left). The left border above the pulmonary are that would normally be pulmonary trunk is, in fact, the aorta. There is extreme dilatation of both pulmonary arteries and expansile pulsation was easily seen out to the periphery. (Top right). The catheter has passed normally round the right side and upwards into what would normally be the pulmonary trunk; it has, however, entered the aorta and passed oin into the innominate artery, as was confirmed by other findings. are the only patients who will be seen in later sation of the pulmonary arteries in patients childhood. We think dense lung fields and pulb with central cyanosis are more important and it is caused by the increased systemic blood flow in addition to the other factors that cause clubbing. Lovell12 has shown that the clubbed fingers of cyanotic congenital heart disease differ from the others by showing an increase of the volume of blood. Squatting. Four of these children squatted habitually, and a few others frequently sat on the floor with legs crossed like a tailor. The incidence of squatting (1 in 5) was much lower than in Fallot's tetralogy (4 in 5).
Physical Signs. Most of the patients with transposition had a systolic murmur, usually maximal in the pulmonary area, but often heard at the apex and occasionally louder there. Eight, however, had no murmur. A systolic thrill was only noted in 4 cases and thus is much less common than in Fallot's tetralogy.
One-fourth of these children had a diastolic murmur a rare occurrence with Fallot's tetralogy-generally maximal in the pulmonary area but often well heard toward the apex. In some it was constant and easy to hear. In others it was variable or a faint whiff was heard just after the second sound.
The most important physical sign is the quality of the pulmonary secondl sound. If the second sound is loud anld looming, or obviously duplicated, or if pulsation is visible or still more if it is easily palpable, it suggests that large pulmonary arteries will be seen on screening and that there is a raised pressure in the pulmonary artery. This booming second sound may be enough by itself to exclude the diagnosis of Fallot's tetralogy, where it may be somewhat accentuated but never so much.
The patient must be examined sitting and lying and in different phases of respiration before deciding on the intensity of the second sound. In infants and very young children with transposition, the second sound may at first be passed as within niormil limits of intensity.
Shape and Size of the Heart. The heart in transposition is nearly always enlarged and the range of cardiothoracic ratios is well above that found in Fallot's tetralogy (see fig. 3 ). In three it was 50, at or 53 but generally ranged from 55 to 67 and averaged 59 per cent. The x-ray appearance of the heart as a whole supported these figures.
The enlargement of the heart is mainly due to the right ventricle, though sometimes this is less obvious than usual in the left oblique view, because the anterior position of the aorta making the border one smooth continuous curve, almost in contact with the chest wall, may give a false impression that there is no enlargement of the right ventricle. Even allowing for this there sometimes seemed to be a little increase of the left ventricle as well. Two cases where the left ventricle was larger than the right, with left ventricular preponderance in the electrocardiogram, have been omitted.
None of these cases had the deep pulmonary bay of Fallot's tetralogy. Two-thirds showed some concavity (figs. 1 and 6, left) and onethird moderate or great convexity in the pulmonary region ( fig. 2 ). In some cases where the aorta is completely transposed, it may be responsible for the shadow that is ordinarily the pulmonary artery ( fig. 1 , top left) and pulsation of the aorta may be thought to be pulmonary. In the majority of cases there is some prominence on the left border of the heart belowv the pulmonary arc, indicating the inifuindibulum of the enlarged right ventricle ( fig. 1 , top left). The diameter of the heart is increased diagonally as well as transversely.
Electrocardiography. Often the P waves were large and pointed but sometimes they were not remarkable. On the whole, the electrocardiograms show no distinguishing features from those seen in Fallot's tetralogy.
The Lung Fields. There are two main fea- figure 1 , top left.
The mottled density throughout the uing fields is generally obvious on the film but sometimes is better judged on radioscopy and should always be confirmed in this way. Pulsation in the pulmonary arteries is one of the main criteria for the selection of patients, and in at least half of them it can be seen easily in small branches out to the periphery. There is often a hilar dance. In very young children these mottled shadows may be the first sign of the increased pulmonary circulation and it is only in the course of a year or two that the full picture emerges more clearly. Sometimes the picture is very characteristic as early as 24 or even 12 The dilatation of the artery beyond a pulmonary valvular stenosis may cause some superficial resemblance to these cases, but then pulsation will be slight or absent and the branches of the pulmonary arteries will be small and the lung fields light and clear.
Some cases of Eisenmenger's complex may be confused with transposition and the differentiation may be difficult, especially when there is convexity of the pulmonary arc. The late onset of cyanosis is one point of distinction, and radiologically there is less dilatation of the smaller branches and pulsation and the mottled appearance of the lung fields are much less. AND ANGIOCARDIOGRAPHY Six patients had cardiac catheterization and 5 of these and 2 others had angiocardiography. In 3 the catheter entered the pulmonary artery, and in one of these the aorta also. All these 3 showed a much higher oxygen saturation in the pulmonary artery (84 per cent) than in the aorta and its branches (70 per cent), proving that, functionally at least, there was transposition. In the other 3 the pulmonary artery was not entered but the oxygen saturation of the aorta was even lower (65 per cent); in 2 of these the catheter entered the aorta only, but in the third no main vessel could be entered.
In all the 6 cases there was evidence of a large left to right shunt through a ventricular septal defect, but no evidence of an atrial septal defect. In all, the systemic pressure was rather low but there was a high pressure in the right ventricle and in the pulmonary artery in the 3 Angiocardiograms were of value in showing the aorta arising entirely or partly from the right ventricle in every case. In case 1 the aorta came entirely from the right ventricle in the position that is normally occupied by the pulmonary artery, and the pulmonary artery came mainly or entirely from the left ventricle. In some of the others, the transposition was less complete though the aorta arose mainly or partly from the right ventricle. They showed late fillings of the pulmonary arteries in spite of their large size and the large pulmonary flow. They provided some direct evidence that the pulmonary arteries filled mainly or entirely from the left ventricle, except perhaps in case 2 where the hilar shadows were suggestive of lungs filling from bronchial arteries ( fig. 1 Case 1 (0052). The heart showed some enlargement of the right ventricle only. There was a concave pulmonary bay and great dilatation of both pulmonary arteries ( fig. 1, top left) . These showed expansile pulsation right out to the periphery with a hilar dance.
On fig. 1, top right) but the pulmonary artery could not be entered. There was a left to right shunt through a ventricular septal ,defect, the oxygen saturation rising steadily from 44 per cent low in the right ventricle to 53 per cent -in the aorta. The aorta therefore comes entirely from the right ventricle and arises exactly in the position normally ,occupied by the pulmonary artery (our fig. 4 , and -reference 8, fig. 18 ). A very similar case has been reported by Goodwin and co-workers.'0 Case 2 (0145). The heart was enlarged, especially the right ventricle, and the pedicle was narrow. The filling, which is unusually early. The pulmonary artery was not well seen and the lungs hardly started to fill until three seconds, probably from the left ventricle, though some filling by the bronchial arteries could not be excluded.
Case 3 (0109). The heart was moderately large with a convex pulmonary arc ( fig. 2, right) . Density of the lung fields was increased and there was expansile pulsation, sometimes out to the periphery.
The oxygen saturation of 70 per cent in the aorta and of 84 per cent in the pulmonary artery proved a functional transposition. The right ventricle, and from it the aorta, was entered easily. Later, the pulmonary artery was entered apparently after passage through a fairly large ventricular septal . Angiocardiograms from Case 1 with complete transposition, showing the aorta arising from the right ventricle in the position usually occupied by the pulmonary trunk. (Left). At two seconds, the U-shaped right side of the heart and the aorta and its branches are well filled. There is no change of density of the lung fields, though the greatly dilated pulmonary arteries could always be seen.
(Right). At six seconds the aorta and its branches still show some filling, and there is moderate filling of the left ventricle and of the pulmonary branches. density of the lung fields was greatly increased, especially above the right hilum ( fig. 1, bottom left) , .and expansile pulsation was easily seen, sometimes out to the periphery.
On cardiac catheterization the right ventricle and .aorta were entered easily ( fig. 1, bottom right) . A moderate left to right shunt through a ventricular 'septal defect must have been high, as it had more .effect on the oxygen saturation in the aorta than in the right ventricle. The pulmonary artery was not entered.
The aorta therefore rises mainly from the right -ventricle but acquires some blood from the left ventricle direct or through a high ventricular septal defect, which is the site of the left to right shunt.
Angiocardiography showed the aortic arch well filled at two seconds and the subclavian already feet. This entry of both main vessels is very unusual. The oxygen saturations of the right ventricle and the aorta show a fairly large left to right shunt through a high ventricular septal defect. Almost four-fifths of the blood in the pulmonary artery must come from the left ventricle.
The aorta overrides both ventricles, mainly the right: it must take some blood from the left, as the arterial saturation in the right ventricle is only 61 per cent; the amount taken from the right ventricle must be between three-fifths and five-sevenths. The shunts through the ventricular septal defect were thought to be about 1.8 4) . At four seconds. The heart has filled fairly generally and the aorta and its branches are still seen as they had been from two seconds. The pulmonary arteries are only just starting to fill, probably from both ventricles, but the lungs show little increase in density.
The aorta was not entered, but the low systemic oxygen saturation showed that it comes mainly or entirely from the right ventricle and further away from the ventricular septal defect than the pulmonary arterY, as it was less affected than the latter by the left to right shunt through the ventricular septal defect.
On angioeardiography the aortic arch fills at two seconds and the subelavian at three seconds. The aorta, therefore, comes off the right ventricle but not in the same position as in case 1, and may overridle the left ventricle somewhat. A high dilated pulmonary artery also shows up at two seconds and more easily at three seconds, and also the border of the right ventricle, showing that the pulmonary artery comes, partly at least, from the right ventricle.
The poo0 filling of the pulmonary branches, although the pedicle broadened in the oblique view ( fig. 2,  left) . The pulsation and the density of the lung fields increased during two years observation.
On cardiac catheterization the right ventricle and the left pulmonary artery were entered easily but the route seemed somewhat unusual. There was a large left to right shunt through a ventricular septal defect, the oxygen saturation rising from 64 to 84 per cent. The oxygen saturation in the pulmonary arteryv was close to that in the right ventricle; from this the pulmonary artery seemed to arise normally, but angiocardiography suggested that it overrode the left ventricle to a great extent ( fig. 5A) .
The blood in the systemic arteries was only 70 per cent saturated. As the blood in the right ven Teleradiogramn showing the increased hilar markings in case 9 where infundibular stenosis prevented the full picture typical of transposition. (see fig. 5613 ). The discrete dense shadows that are pathognomoniic of increased pulmonary blood suppl-are not I)resent.
dance. This case is not really helpful, as neither the aorta nor the pulmonary artery was entered on catheterization and there was thought to be a single ventricle. The angiocardiograms are also difficult to interl)ret.
Another child has recently had angiocardiograms (lone by Dr. C. G. Parsons; we would like to thank him for letting us see these and agree that they confirm our clinical diagnosis of transposition. Two CASES WHERE THE DIAGNOSIS WAS MADE AT OPERATION The findings at operation in 2 other children who were wrongly diagnosed as Fallot's tetralogy supported the diagnosis of transposition.
We are indebted to Mr. R. C. Brock for these observations. Case 8 (P029). On x-ray examination there weas a narrow pedicle; in retrospect, it seems obvious that the blood flow to the lungs was increased, but puilsation, which could be recognized later, was missed on screening the increased shadows were thought to be due to collateral circulation ( fig. 6, left) . On aingiocarldiographv the right side of the heart and the aorta an(l its branches were well filled at 2 seconds without any change in the density of the lungs, which only started filling slowly at 3 seconds.
At operation the left pulmonary artery, about 1.5 cm. in diameter and with a high pressure, was larger than the aorta. On opening the pericardium the diagnosis of transposition was confirmed. The small aorta arose from the right Ventricle does not always distinguish between lungs that are not filling because there is pulmonary stenosis, or because the pulmonary artery arising from the left ventricle cannot fill until later when the blood has reached this chamber.
artery were complicated by infundibular stenosis. This last prevents the development of the changes generally found with transposition, so that there may be rather prominent lung shadows without increased pulsation. Both these cases were thought to have Fallot's tetralogy, perhaps with some other complications. The first, who died after operation, had already reached the age of 24 years and is reported here. In the second (case 10), there was complete transposition, high grade infundibular stenosis affecting the outflow tract to the pulmonary artery, and almost a single ventricle. His case will be reported later with some other examples of single ventricles. There was no hvpertrophv-but a few similar l)atches of fibrosis in the left ventricle.
SUMMARY AND CONCLUSIONS Most cyanotic children with congenital heart disease have a diminished blood flow to the lungs (pulmonary oligemia). Some, however, show increased shadows around the hilum and for varying distances out into the lung fields, often with large right and left pulmonary arteries and with striking pulsation there and even in the small branches out to the periphery. Trhese changes are somewhat like those seen in atrial septal defect in acyanotic cases and inidicate an increased blood flow (pulmonary pleonemia).
In addition to the large left to right shuint there is an extra factor giving rise to a right to left shunt and to the eyanosis of these children; this extra factor is generally complete or partial transposition of the aorta and pulmonary artery, with a septal defect that is usually ventricular.
The prognosis is generally bad, the patient dying in the first few months. If, however, the septal defects are large enough for adequate mixing of the circulations of 1o)th sides of the heart, so that the child survives infancy, there is no reason why it should not survive much longer.
We thought 25 children with pleonemic lungs among the first 400 with cyanotic congenital heart disease had complete or partial transposition of the aorta and pulmonary artery. The selection was made on the appearance of the lung fields on radioscopy and teleradiograms; and expansile pulsation of the pulmonary branches was the main criterion.
Six of our children had cardiac catheterization, and 5 of the 6 and 2 others have had angiocardiography. These results have been described fully. In 3, the oxygen saturation of the pulmonary artery was much higher than that of the aorta, proving that, functionally at least, there was transposition; and in the other 3 this diagnosis was supported indirectly. Aingiocardiography proved that the aorta arose from the right ventricle in 2, and in one of these in the position normally occupied by the pulmonary artery. In the others the aorta probably overrode both ventricles. In all these there was evidence that the pulmonary artery arose entirely or mainly or at least half-from the left ventricle. In one of these there may have been a single ventricle. In two others the diagnosis was made after the findings at operation.
In these cases of transposition, cyanosis is as severe as in Fallot's tetralogy, and much more constantly has been noticed from birth. The general appearance and the clubbing of the fingers are similar but the hemoglobin is not so often above 140 per cent. In addition, there is often an unusual degree of dilatation of the veins over the dorsal aspect of the fingers that may be suggestive of the diagnosis of tranispositionl. Onfly a few of these children squat habitually.
A systolic murmur, generally maximal oin the left side in the pulmonary area, is present in two-thirds of these cases. A thrill may accompany this, but much less often than with Fallot's tetralogy. A diastolic murmur, generally maximal in the pulmonary area, is present in one-fourth of these cases.
An important physical sign is the qutiality of the pulmonary second sound, which is generally loud and booming and may be palpable; this alone may be enough to exclude Fallot's tetralogy. It suggests that large pulmonary arteries will be seen on screening, probably with high pulmonary pressure. The heart is larger than in Fallot's tetralogy, the average cardiothoracic ratio being 59 per cent, and is also of a different shape. The pulmonary arc is typically concave but may be convex, sometimes greatly so from dilatation of the pulmonary trunk or from misplacement of the aorta. The right ventricle is nearly always enlarged oii radioscopy and there may be some increase of the left ventricle also.
There are three main features in the lung fields; (1) the general mottling and increased density, (2) the dilatation of the pulmonary arteries and of their main branches, and (3) the expansile pulsation. The first two features are well seen on the film, but may be better assessed on radioscopy because then the degree of pulsationi can also be taken into account.
Sometimes the pulsation seen on screening amounts to a well-marked hilar dance. There is no close correlation between the presence of a hilar dance and of a diastolic murmur to suggest that the former is due to pulmonary regurgitationi. Nevertheless, a pulmonary diastolic murmur in a cyanotic case should suggest the probability of visible pulsation in the lung fields. Electrocardiogram, some left axis deviation in standard leads, but right ventricular preponderance in chest leads, large R and absent S with T wave inversion in leads V1 through V5. QRS complexes widened and notched with P-R interval of 0.28 second. P waves large and rather broad in leads I and II.
